This report describes further attempts to define the nature of the parasite product(s) responsible for the extensive changes in lymphoid tissue in mice during infection with Trypanosoma brucei. As previously described, potent mitogenic and immunosuppressive effects are induced by a trypanosome-derived crude membrane fraction in vivo. There was no enrichment in these activities when purified parasite surface membranes were used. Mitogenic activity can be recovered from soluble trypanosome material only when it is incubated with peritoneal macrophages before transfer into syngeneic recipients. Thus, by encouraging association with a critical target cell, soluble parasite products can be studied, and their active components can be separated by conventional methods. Preliminary fractionation of high-spin trypanosome supernatant over Sepharose 4B confined the mitogenic activity to the high-molecular-weight fraction, which is a macromolecular complex of proteins, glycoproteins, and lipid. Extracted lipid from this material was able to significantly suppress a primary immunoglobulin G anti-sheep erythrocyte response. The activity was periodate sensitive and pronase resistant. The use of macrophages in vitro may be a general method whereby important biological activities lost as a result of fractionation procedures can be recovered and the active components studied in greater detail.
The effects on immune function caused by African trypanosomes have received considerable attention. Laboratory infection of a murine host results in a transient nonspecific augmentation of immunological activity, as seen in the increased levels of priming with T-dependent or -independent antigens (12, 13, 16) and in the increase of background plaque-forming cells (PFC) to, for example, trinitrophenyl-coupled sheep erythrocytes (TNP-SRBC) (12) . This is followed by a profound suppression of immune response to both parasite- (24) and nonparasiterelated antigens (7, 12, 13, 16, 20) . The severity of trypanosome-induced immunodepression has been linked to parasite virulence and the ultimate failure of the murine host to control infection (24, 25) .
The kinetics and gross features of these lymphoid cell changes have been reported (6) ; however, the mechanisms involved in such events are not yet clear. Infection is associated with a distinct mitogenic phase, which acts on T-, B-, and null lymphoid cell populations in spleen and bone marrow (17, 19) . The immunodeficiency which follows has been associated with suppressor splenic macrophages (26) and T-cells (7, 13) , a functional depletion of B-and T-cells in the spleen (2) , and a direct inhibitory effect of trypanosome-derived substances (1) .
Of crucial importance in the study of these phenomena is the nature of the trypanosomederived stimulus responsible for these changes and the mechanism of interaction between this material and the components of the immune system. Our previous work has demonstrated the ability of relatively small doses of killed trypanosomes or a subcellular crude membrane fraction to mimic the mitogenic and immunosuppressive effects of live parasites on the host in vivo (5) .
In this study, we describe further attempts to define the nature of the parasite product(s) responsible for the extensive changes in lymphoid tissue. We present data concerning the activity of purified trypanosome plasma membranes, the fractionation and partial characterization of an active "soluble" trypanosome product, and the 12 ,000 x g for 15 min to remove nuclei, kinetoplasts, and large debris. The supernatant was then subjected to high-speed centrifugation at 50,000 to 150,000 x g for 45 min, and the pellet was suspended in phosphate-buffered saline (PBS). Unless otherwise stated, protein determinations were performed by the Lowry method (15) .
For further fractionation, the 50,000 x g supernatant was concentrated by ultrafiltration with an Amicon PM10 membrane under N2 pressure.
Gel filtration was performed on a Sepharose 4B chromatography column (40 by 1.5 cm) equilibrated in PBS at 4°C and monitored by absorbance at 280 nm. Fractions from individual peaks (I through IV) and control effluents before peak I were tested for in vivo activity or stored at -700C.
Enzyme treatment. Sepharose 4B peak I fractions were treated with 40 mM sodium metaperiodate in 50 mM sodium acetate (pH 4.5) for 12 h at 4°C followed by dialysis against PBS for 6 h at 4°C. Peak I controls were treated as above but in the absence of sodium metaperiodate.
For pronase treatment, peak I samples were incubated at 370C with 10%o (wt/wt) pronase (Sigma) or PBS for 90 min and then tested for in vivo activity.
Preparation of plasma membranes. T. brucei plasma membranes were prepared by the method of Rovis and Baekkeskov (22) . Purified trypanosomes (1010) were suspended in 80 ml of homogenization buffer and equilibrated in a nitrogen bomb at 250 lb/in2 with constant stirring for 30 min at 4°C. The suspension was released dropwise from the bomb into 10 mM EDTA to a final concentration of 1 mM EDTA. The released material was completely disrupted as determined by electron microscopy. A microsomal fraction was collected by high-speed centrifugation (100,000 x g for 90 min) after removal of the larger organelles at 100 x g (15 min) and 12,000 x g (15 min). The pellet was washed five times with 1 mM phenylmethylsulfonyl fluoride-1 mM MgCI2 (pH 8.2) and dialyzed for 3 h against the same buffer. The suspension was layered onto 3.5 ml of 26% (wt/vol) 40,000-molecular-weight (40K) dextran prepared in this buffer and centrifuged at 230,000 x g for 3 h at 4°C. Electron microscopy confirmed that the material remaining at the interface represented a homogeneous plasma membrane fraction and the sedimenting material represented a heterogeneous fraction containing internal membranes. Both were washed in PBS before in vivo testing or storage. Gel electrophoresis. Polyacrylamide gel electrophoresis was performed in the presence of 0.1% sodium dodecyl sulfate. Samples were reduced by boiling in the presence of 3% mercaptoethanol, 1 M urea, and 2% sodium dodecyl sulfate and run on 7.5% polyacrylamide gels. Gel tracks were stained for proteins with 0.2% Coomassie blue. Binding of 1"WI-labeled concanavalin A was performed by the method of Gurd and Evans (11) and assessed by autoradiography. For binding of anti-variant-specific glycoprotein antiserum, gels were fixed in methanol-acetic acid-water (8:1:11, vol/vol) overnight and then washed in PBS containing 1% bovine serum albumin for 8 to 12 h with several changes. Gels were incubated for 2 h with the IgG fraction of protein A-purified rabbit anti-NIM-2 variant-specific surface glycoprotein antiserum raised against conventionally purified NIM-2 surface antigen (8), washed for 3 h with frequent changes of PBS-1% bovine serum albumin, and incubated with a 121I-labeled F(ab')2 fraction of goat anti-rabbit immunoglobulin antiserum for 12 h. The gels were then washed extensively and developed for autoradiography. Antiserum dilutions were performed in PBS-1% bovine serum albumin, and all incubations were at 370C with gentle rocking.
Lipid analysis. Trypanosome fractions were extracted in chloroform-methanol-water (1:2:0.6) with shaking for 5 min, brought to a final ratio of 2:1:0.8 to give a two-phase system, and shaken for a further 10 min. Mitogenic activity of trypanosome plasma membranes. Previous studies with subcellular fractions of T. brucei suggested that the mitogenic activity of the parasite in vivo was confined to a crude membrane fraction sedimenting between 12,000 and 150,000 x g. In the current series of experiments, the method of Rovis and Baekkeskov (22) was used to purify plasma membranes from T. brucei to further characterize active membrane components. The mitogenic activity of a crude membrane pellet prepared by nitrogen cavitation was comparable with the activity previously observed with a similar fraction prepared from freeze-thawed homogenates (5) . Such a pellet derived from 108 trypanosomes increased background PFC against TNP-SRBC more than fourfold (Table 1 , experiment A) and contained vesicles derived from the fragmentation of both external and internal membranes.
The isolation of plasma membranes on the basis of their unique internal fixed charge and buoyant density was achieved by high-speed centrifugation on magnesium-containing dextran. By electron microscopic analysis, the plasma membrane vesicles obtained were found to be free of microtubules and organelles. When the vesicles were tested for their effect on background PFC in vivo, there was no enrichment in the activity of the plasma membrane fraction relative to the internal membrane fraction (designated the endoplasmic reticulum). Although both fractions had demonstrable effects, the heterogeneous endoplasmic reticulum fraction retained the more potent activity whether injected as derived from equal numbers of trypanosomes (experiment A) or as equal amounts of protein (experiment 13).
Mitogenic activity does not appear to be a unique property of the parasite surface membrane.
Enhancing effect of soluble trypanosome fractions after interaction with macrophages. As previously observed (5), the injection of a trypanosome-derived soluble fraction, either high-spin supernatant or detergent-solubilized membranes, did not result in the enhancement of background PFC to TNP-SRBC when compared to the untreated membrane pellet (Table 2 , experiment A). However, it has recently been shown that peritoneal macrophages after the ingestion of trypanosomes in vivo are capable of mediating mitogenic and immunosuppressive activities independent of free parasites (10) . The lack of stimulatory activity by the soluble trypanosome fraction alone is probably due to an inadequate uptake of the material by macrophages in vivo. By pretreatment of peritoneal Fig. 1 . Pooled fractions of the four protein peaks were individually tested for in vivo activity by injecting material derived from 109 trypanosomes per mouse after in vitro incubation with peritoneal macrophages. The most potent stimulatory activity was confined to a high-molecular-weight material (peak I) eluting at or near the exclusion volume of the column (Table 3 ). In terms of protein, this corresponded to approximately 20-fold enrichment in the parasite activity relative to the whole supernatant. To test whether this enhancement could be mediated by a high-speed supernatant of any nucleated cell, we prepared a chicken erythrocyte soluble fraction for comparison. Although stimulation by the parasite-derived supernatant was relatively low in this case, no augmentation of background PFC was observed with the chicken erythrocyte material obtained from a similar number of cells.
Polyclonal activation induced during infection with African trypanosomes is accompanied by nonspecific enhancement of immune responsiveness if antigen is given within the first few days of infection (12, 13) . The gross immunological consequences of in vivo exposure to macrophages pretreated with peak I are similar to those induced by living parasites during active infection. (Fig. 2) . In mice primed with a suboptimal dose of SRBC simultaneously with an injection of parasite fraction, there was a 3-fold and 11-fold increase in the IgM and IgG PFC against SRBC, respectively.
Immunosuppression by peak I, a complex of lipid and proteins. Because peak I showed the biological activity, we wished to further define its biochemical properties. Soluble parasite fractions were therefore analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis to determine the protein composition of the active material (Fig. 3) . In comparison with the heterogeneous nature of the untreated high-speed supernatant, the Sepharose 4B peak I showed only four protein bands (a through d), with approximate molecular weights of 84K, 71K, 64K, and 50K. This pattern was observed for both reduced and nonreduced samples and suggests that the high-molecular-weight peak I fraction is composed of a complex of these proteins and perhaps lipid or other material. Binding of 125I_ labeled concanavalin A in situ was observed with gel bands a, b, and d, indicating that these polypeptide species are glycoproteins. After the gel was overlaid with 125I-IgG antibody to NIM-2 variant glycoprotein, components b and d were shown to bind the antibody (Fig. 3) . On a Coomassie blue-stained gel, band d comigrated with purified NIM-2 surface glycoprotein, which for this trypanosome clone has a molecular weight of 50K (C. Clayton (Fig. 4) . It had been reported previously that lipid extracted from autolyzed African try-INFECT. IMMUN. panosomes stimulated spleen cell proliferation in vitro (3). Our most active fraction (peak I) therefore appears to be a complex of some trypanosome surface proteins and lipid. Treatment of macrophages with unextracted peak I before transfer also causes immunosuppression when antigen is given 4 days after injection. In the particular experiment illustrated, the suppression of IgG was only 34%. Perhaps the lower suppression by peak I compared with its lipid extract was due to the fact that the amount of peak I used was derived from 60% fewer parasites than the lipid fraction. A lipid rather than protein nature of the active parasite component would explain our findings after pronase or periodate treatment of peak I. The mitogenic activity of peak I in conjunction with macrophages was not reduced by pronase treatment, which, if anything, increased the polyclonal stimulation observed (Table 4) . However, more than 80% of the activity of peak I was destroyed by periodate treatment. Further studies are required to ascertain whether pure lipid components are responsible for the macrophage-mediated stimulation of lymphoid cell proliferation and the subsequent defect in immune responsiveness. DISCUSSION We previously demonstrated that the immune dysfunction which occurs during African trypanosome infection in mice determines to a great extent the course and outcome of infection (24, 25) . We tried to mimic the lymphoid disturbances seen during infection with killed trypanosomes and their fractions to identify the components which might be responsible for these effects. Crude membrane material derived from relatively few trypanosomes is able to induce potent mitogenic and immunosuppressive effects in mice when administered in vivo (5) and in cultures of human peripheral blood leukocytes (M. E. Selkirk, B. M. Ogilvie, and T. A. E. Platts-Mills, Clin. Exp. Immunol., in press). Our initial observations that soluble trypanosomederived fractions were relatively inactive led us to pursue a more careful examination of the active components contained within the heterogeneous membrane preparations being studied. Trypanosome surface membranes were successfully separated, but they were found not to be enriched for mitogenic activity over the more heterogeneous internal membranes when tested either as protein equivalents or as derivatives of equivalent numbers of parasites. We conclude that mitogenic activity is not an exclusive property of the trypanosome surface membrane.
A series of related experiments (10) (18) . Such activity by trypanosome-derived glycolipids has not been reported, and we are currently pursuing this question with T. brucei. The question of lipopolysaccharide contamination contributing to our results is an important one. As evidence that this is not the case, we note that samples from the column did not show activity before or after peak I, suggesting that we are not getting shedding of lipopolysaccharide from the column. In addition, as the resolved peaks II and III were not active, lipopolysaccharide is unlikely to have been loaded onto the column in the whole supernatant because it would not be expected to come off the column cleanly in peak I, but would be distributed into other fractions.
A more difficult problem is the possibility that the confinement of mitogenic activity to the high-molecular-weight soluble fraction is a reflection once again of the requirement for macrophage uptake for activity to be expressed. Thus, only the macromolecular complex contained in the peak I fraction might exhibit activity not because the other fractions are lacking in the appropriate molecules, but because they are still lacking an appropriate form with which to present them, i.e., as aggregated molecules or in association with membrane structures. Our attempts to circumvent this problem by incorporating soluble trypanosome fractions into liposomes have not been successful.
These experiments emphasize the difficulties inherent in trying to isolate biologically active molecules. The separation of these molecules away from the physical context in which they are normally found can drastically affect their potential activities. We described one method by which the mitogenic and immunosuppressive activities of a normally inactive soluble trypanosome fraction can be recovered after in vitro incubation with peritoneal macrophages. This method has facilitated the preliminary separation and characterization of the active species involved and should permit further work on those trypanosome products which appear to play a central role in the pathogenesis of the disease. 
